Immunogenetic markers identifying selectively expressed features of the plasma membrane that collectively define the surface phenotype have served to categorize sets of T lymphocytes according to discrete immune functions. Use of the thymocytemacrophage (T-M~) 1 system, in which selected populations of thymocytes are cultured with antigen on primed macrophages (1), has extended this principle to the study of differentiative steps involved in the developmental diversification and interreactions of T cell sets (2, 3). The following account concerns use of two marker systems, Qa-1 and I-J, to define in greater detail the helper-effector (HE) and feedback suppression-inducer (FBSI) cell sets, their precursor sets, and a set or sets that induce differentiation of the precursor sets.
antiserum (2.5 × 107 cells/ml), as in the Lyt-negative selection (above). The a-I-J b serum, BI0.A(5R) anti-Bl0.A(3R), was used at a 1:10 dilution as for Qa-1 and Lyt eliminations. Specificity controls consisted in testing the sera on congenic strains that are either positive or negative for Qa-1 (B6-TIa a, B6) or I-J b [B10.A(3R), B10.A(SR)] alleles; details are given elsewhere (6) . A monoclonal TL antibody (clone F-1) with no a-Qa-1 activity was used at a 1: 200 dilution, as in Lyt eliminations. The dilutions given above were predetermined for optimal immune cytolysis.
Ly2 + cells (Ly-t23 and Ly-23) were positively selected as follows: 2.5 × 10 7 cells/ml were incubated in a-Lyt-2.2 serum for 30 min on ice. The twice-washed cells were then selected by adherence to plastic dishes coated with immunoadsorbant-purified goat anti-mouse Ig according to the method of Wysocki and Sato (7) . The antiserum dilution (1:50) was predetermined so that no Ly-1 cells (Ly-l+:Ly-2 -) could be detected (by cytotoxieity assay) in the adherent fraction. Under these conditions the recovered adherent population comprised 50% of the population seeded.
Results

I. Qa-1 and I-J Phenotypes of Ly-I:FBSI and Ly-I:HE Cells. SAV-primed Ly-1 cells
were prepared as previously described (1) by T-M~ culture of CRNPT, followed by depletion with a-Lyt-2 plus C. These primed Ly-1 CRNPT were then further selected with a-Qa-1 plus C or with a-I-J plus C and then assayed for FBSI and HE functions as previously described (3) .
Either of these elimination steps destroyed FBSI function (Table I) . Thus, the phenotype of the FBSI cell is Ly-l:Qa-l+:I-J +. In further tests (data not shown) combination of Qa-1-and I-J-depleted populations (corresponding to groups B and C in Table I ) failed to reconstitute FBSI function; this implies a single Ly-1 :Qa-1 +:I-J+ FB SI cell rather than two populat ions, Ly-1 :Qa-1 + :I-j-and Ly-1 :Qa-1-: I-J +, wit h joint FBSI function.
As Table I shows, elimination of neither Qa-1 + nor I-j + subsets substantially affected HE function. Thus, the phenotype of the HE cell that is prominent under the assay conditions specified in Table I is Ly-1 :Qa-1-:I-J-.
Neither FBSI nor HE function was affected by selection of the primed Ly-1 set with monoclonal-a-TL plus C. This establishes that CRNPT of TL + phenotype are not immediately concerned in FBSI and HE functions, a possibility that had been TAaL~ I
Qa-1 and I-J Phenotypes of Ly-I:FBSI and Ly-I:HE Cells
Group SAV-prlmed Ly-I cells from T-M~ culture* FBSI assayS: (PFC index §) HE assay:~ (PFC index §) HE cells, whose surface phenotype is now more precisely defined as Ly-I :Qa-l-:I-J-(section I above), differentiate from the Ly-123 CRNPT set and (b) that cooperation by Ly-1 cells is required for this differentiative step. The Ly-123 set, like the Ly-1 set, comprises Qa-1 + and Qa-1-subsets.
The following data show (a) that Ly-l:Qa-l-:I-J-HE cells are derived from the antecedent Ly-123:Qa-1-subset by one or more differentiative steps and (b) that the cooperating Ly-1 cell has the phenotype Ly-1 :Qa-1 +:I-J +.
Phenotype of the Cooperating Ly-1 Cell. In confirmation of previous findings, positively selected Ly-2 + CRNPT alone (Ly-123 + Ly-23) 2 did not generate Ly-I:HE cells (Table II , group A) unless Ly-1 cells were included in the macrophage cultures (group B). We now find that elimination of Ly-l:Qa-1 ÷ cells destroys this inducer function of the Ly-I set (group C), as does elimination of Ly-l:I-J + cells (group D). In further tests (data not shown), inclusion of both selected populations, Qa-l-depleted and I-Jdepleted, did not reconstitute inducer function, indicating that induction can be ascribed to a single Ly-1 :Qa-1 +:I-J + population.
Phenotype of Ly-123 Precursors of Ly-I:HE Cells.
CRNPT depleted of Qa-1 + cells generated Ly-1 :HE cells in the presence of Ly-1 inducers (Table III, * Ly-2+:Qa-1 -procured by Qa-1 elimination (a-Qa-1 plus C) followed by positive selection for Ly-2. Assay of 1 X l0 s Ly-l:Qa-1-cells selected (wLyt-2.2 plus wQa-1 plus C) from yield of T-M~ culture. § In each of these tests, precursor cells were distinguished from inducer cells by genetic markers, as described previously (2): in brief, the Qa-1-CRNPT came from Lyt-l.2 donors, and the accompanying Ly-I CRNPT from congenic Lyt-l.1 donors; the HE cells generated were shown to be Lyt-l.2. Table 1II . ~: Assay of 1 X l0 s Ly-I cells (selected with a-Lyt-2.2 plus C before assay). § Precursor and inducer sets are distinguished by genetic marking of the initial CRNPT donors (see Table III (Table IV) signify that Qa-I + cells (Ly-I:FBSI) can be generated from Qa-1-cells (the Ly-123: Qa-1-subset) provided that Ly-1 :Qa-l+:I-J ÷ inducer cells are present. The corollary is that cells of Ly-l:Qa-1 + phenotype should be demonstrable by conventional cytotoxicity tests at the conclusion of T-M~ culture of Ly-123:Qa-1-CRNPT. Proof of this is complicated by the necessary addition of Ly-1 :Qa-1 + inducers (see above).
IlL Ly-l:Qa-l+:I-J ÷ Cells Also Induce the Differentiation of Ly-I:FBSI Cells from the Ly-
The problem in direct estimation by cytotoxicity assay is to distinguish Ly-1 :Qa-1 + products of Ly-123:Qa-1-origin from the Ly-l:Qa-1 + inducers initially introduced. This difficulty was overcome by genetic marking, as follows: In group B of experiment 3 (Table IV) The cytotoxicity assay data (midsection of Table IV) conform to expectations in all respects, the salient points being that (a) no Ly-l:Qa-1 + cells are produced from unaided Qa-1-CRNPT (group A); and (b) Ly-I cells genetically incapable of expressing Qa-1 induce the generation of Ly-l:Qa-1 + cells from Qa-l-CRNPT (group B of experiment 3).
Discussion
The T-M~ system, in conjunction with various selected thymic populations, has proved its worth in tracing developmental lineages of T cell sets and in defining communicative reactions that relate one T cell set to another and constitute parts of the regulatory T cell network.
One of the questions dealt with in this report is the structure of the Ly-1 population in terms of the several functions of this T cell set and whether these functions can be assigned to Ly-1 subsets with distinctive surface phenotypes. It was previously established that the Ly-1 set has at least three functions: (a) HE (8), (b) FBSI (9, 10), and (c) the capacity to induce Ly-123 cells to differentiate into Ly-I:HE cells (2) . It was also known that Ly-I:HE and Ly-1 :FBSI cells can both be induced from the Ly-123 population but that induction of Ly-1 :HE requires an ancillary population--Lythis it was inferred that Ly-I:FBSI and Ly-1:HE are probably separate Ly-1 subsets; this inference is now confirmed by the present elucidation of their surface phenotypes, which are Qa-l+:I-J + (FBSI) and Qa-1-:I-J-(HE) (the former confirming the findings of Eardley et al. [11] ). Thus, previous conclusions (2) regarding the separate identities of the three Ly-I subsets named above are considerably strengthened.
A further line of investigation is suggested by our present data concerning the separation, from the Ly-123 precursor set, of an Ly-123:Qa-1-subset (by elimination of Ly-123:Qa-1 ÷ cells). This Ly-123:Qa-1-subset by itself cannot generate either Ly-1 :HE or Ly-1 :FBSI cells, unlike the Qa-1 unselected Ly-123 set, which can generate FBSI cells unaided. Again, an Ly-1 inducer set is required, in this case to induce the differentiation of Ly-I:FBSI cells from Ly-123:Qa-1-precursors. The phenotype of this inducer set, like that required to induce Ly-I:HE ceils from Qa-1 unselected Ly-123 cells, is Ly-1 :Qa-l+:I-J +. In the absence, so far, of distinguishing surface markers, the common phenotype of the inducing cells, Ly-1 :Qa-l÷:I-J +, allows the interpretation that both inductions (Ly-123:Qa-1---* Ly-I:FBSI and Ly-123 ~ Ly-I:HE) are initiated by the same Ly-l:Qa-l+:I-J ÷ inducers and possibly by the same chemical message, sessile or secreted. But further evidence is called for, such as whether T cell factors can replace inducer cells in either or both inductions, and whether the inductions are antigen specific; and markers not yet used may distinguish two inducer populations. In either event, knowledge of the inducer cell phenotype may be helpful, e. g., in screening and studying the properties and functions of cloned T cell lines.
Both Ly-I:HE and Ly-I:FBSI cells can certainly be generated from the Ly-123: Qa-1-population, given the presence of inducer cells (shown by genetic markers to be lineally separate), but it cannot yet be said whether the immediate precursor set in each case is Ly-123:Qa-1-or Ly-123:Qa-l+; alternative schemes involving intermediary differentiative steps are equally valid in the absence of further information. In this respect it is unfortunate that positive selection for Qa-1 + cells has not as yet been practicable, otherwise the differentiative potentials of the Ly-123:Qa-t + subset could have been directly tested. However, it is worth emphasizing that just as we have never found induction of FBSI function without induced expression of Qa-1 (i. e., cytoelimination with Qa-1 antiserum destroys induced FBSI function), so likewise we have found that conversion of Ly-123:Qa-1-cells to Ly-1 :Qa-1 + cells identified by serological phenotyping invariably depends on the provision of Ly-1 inducer cells. Thus, the relation of Qa-1 expression to FBSI function is firmly based, and the principle of coordinate expression of surface phenotype and cellular function can confidently be extended to include the Qa-1 system. In other words, Qa-1 can be added to the list of marker systems with which reasonable inferences regarding cellular function can be drawn from surface phenotyping, in such contexts as T cell development and T cell cloning, without necessary recourse to far more arduous functional assays.
Summary
The surface phenotypes and differentiative history of specific helper-effector (HE) and specific feedback suppression-inducer (FBSI) cell sets were further defined in reference to the Qa-1 and I-J marker systems by culture of selected sets of cortisoneresistant nylon-purified thymocytes with antigen on primed macrophages.
The generation of Ly-I:HE and Ly-I:FBSI cell sets required, in each case, two initiating sets: a precursor set and a differentiation-inducing set. Precursor sets were 
